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Constraint from D-D Mixing in Left-Right Symmetric Models 
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We study the constraint arising from the recently observed D-D mixing in the context of super- 
symmetric models with left-right symmetry. In these models, the supersymmetric contributions in 
the mixing amplitudes of D-D, K-K and B-B are all correlated. We compare the constraint from 
the D-D mixing with the K-K mixing and find that the D-D mixing constrains the maximal super- 
symmetric contribution to the B s -B s mixing amplitude. The maximal supersymmetric contribution 
can allow a large CP phase of B s -B s mixing which agrees with the recent measurement of the CP 
asymmetry of B s — > J/ip4> decay. 

PACS numbers: 12.10.-g, 12.15.Ff 



Recently, BaBar and Belle have observed signals of D°- 
D° mixing [l| . The HFAG 0] interpretation of the cur- 



rent data gives us 



y D = (6.6 ±2.1) x 10 



-3 



(1) 



where x D = AM D /T D and y D = AT D /(2T D ), T D is 
the average decay width of two neutral D meson mass 
eigenstates. The mass difference of D°-D° is obtained as 



AM D = (1.4 ± 0.5) x 10" 



MeV. 



(2) 



This new data can constrain new physics such as super- 
symmetry (SUSY) in the similar way as the traditional 
constraint from the K-K mixing data 

In SUSY models, the flavor degeneracy is often as- 
sumed in squark and slepton mass matrices to suppress 
flavor changing neutral currents (FCNC) The flavor 
violation effects in the sfermion mass matrices can only 
come from the evolution of renormalization group equa- 
tions (RGE). If this is the case, the flavor violation highly 
depends on the unification scenario of quarks and lep- 
tons. In the minimal extension of SUSY standard model 
(MSSM), the induced FCNCs from RGE effects are not 
large in the quark sector, but sizable effects can be gen- 
erated in the lepton sector since the neutrino mixings are 
large [j| . In quark- lepton unified models, the loop effects 
due to the large neutrino mixings can induce sizable ef- 
fects also in the quark sector. Therefore, it is important 
to investigate the FCNC effects to obtain a footprint of 
the unification models. 

Left-right symmetric model construction is an in- 
teresting candidate to unify matter (including right- 
handed neutrino) in the gauge group SU(3) C x SU(2)l x 
SU(2) R x U{1) B -l 6]. The left-right parity is broken 
spontaneously, and the hypercharge arises from a lin- 
ear combination of U{\)b-l an d the 17(1) subgroup of 
SU(2)r. This left-right symmetric branch can be easily 
unified in 5O(10) grand unified models. In the SUSY ver- 
sion of left-right symmetric models, the box diagrams for 
meson mixing (K-K, B-B and D-D) can be enhanced by 
gluino contribution. Therefore, the newly observed D-D 



mixing can be an important probe for left-right symmet- 
ric models. Further, in such models, D-D, K-K, Bd-Bd 
and B s -B s mixing amplitudes get correlated. This cre- 
ates an interesting opportunity for cross-checking these 
models, since the most interesting observation from the 
sizable SUSY contribution will be the phase of B s -B s 
mixing, which can be measured by B s — > J/ip<f> decay. 

The mass difference of B s -B s (the absolute value of 
the mixing amplitude M 12 ) has been measured [7J, and 
the measurement is consistent with the Standard Model 
(SM) prediction. Therefore, if there is a sizable SUSY 
contribution, the phase of B s -B s mixing (argument of 
the amplitude) must be large. The CP asymmetry of the 
B s decay is being measured and the current result is [|| 
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(rad), 



(3) 



while the SM prediction is ~ 0.03 - 0.04. If this result 
holds in future, then it will indicate an existence of new 
physics. 

The SUSY contribution to the B s -B s mixing is related 
to the 23 off-diagonal elements of the squark mass matri- 
ces, which may be large since it can be related to the large 
atmospheric mixing. On the other hand, it is hard to pre- 
dict the amount of the SUSY contribution to the K-K 
and D-D mixings due to cancellation. However, we can 
show that cancellations for both K-K and D-D mixings 
are not allowed simultaneously when the non-universal 
terms in squark mass matrices originate from left-right 
symmetric models. Consequently, the recent observation 
of the D-D mass difference restricts the amount of SUSY 
contribution, and thus, it also restricts the phase of B s - 
B s mixing. In this Letter, we will show how to obtain 
the constraint of SUSY contribution from the D-D mix- 
ing, and study the correlation of the constrained phase 
of B s -B s mixing to other measurements, e.g., phase of 
Bd-Bd mixing, in left-right symmetric models. 

In left-right symmetric models, the Lagrangian is in- 
variant under the exchange Ql *-> Q C R , where Ql 
is SU(2) L doublet and Q L R is SU(2) R doublet which 
contains conjugate of right-handed up- and down-type 
quarks U c , D c . As a result, Yukawa couplings are given 



2 



by symmetric matrices. The squark matrices are given 
at unification scale as M 



Mi 



K Uf 



ul 



(4) 



1 



where Uf is a unitary matrix and F denotes Q, U c and 
D c . In the original basis where we respect the left-right 
symmetry, Uf is common for Q, U c and D c . We note 
that the squark mass matrices are given in the notation: 
(M&ijQiQ] + {M^UfUf + (M 2 D )ijD?D?. The non- 
universal part of squark mass matrices can be generi- 
cally parameterized by the k term. We consider that 
the k term is generated from a loop diagram in the 
form oc //t. Here, / is the quark Major ana coupling 
/(QlQl A 9g + Q c R Q c R Aq q ), which can be unified into the 
neutrino Majorana coupling in a 50(10) model. In gen- 
eral, Uf is parameterized as Uf — PU q where P is a 
diagonal phase matrix and U q includes 3 mixing angles 
(#?■) and 1 phase (5 q ). We parameterize U q in the ba- 
sis where the down-type quark Yukawa matrix is diago- 
nal. The mixing angles and a phase are parameterized in 
the same convention as the CKM matrix. If we consider 
the type II seesaw scenario [loj in a 50(10) model, k 2 
corresponds to the ratio of neutrino mass squared and 
Uf is the neutrino mixing matrix in the basis where the 
charged-lepton mass matrix is diagonal, and thus 0f • cor- 
respond to neutrino mixing angles when both charged- 
lepton and down-type quark mass matrices are simulta- 
neously diagonalized. In general, are not necessarily 
exactly same as the neutrino mixings. The Yukawa ma- 
trices for up- and down- type quarks (Y u and Yg) are given 
as 



V — V T V dh 



'PuVcKM, 



Y d = yf**p d , 



(5) 



where P u ,d are diagonal phase matrices. 

We can calculate the off-diagonal elements of the 
squark mass matrices 5ij = (Mp)ij /ttIq in the above no- 
tation. 
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, (6) 
, (7) 
(8) 



where superscript d stands for that it is given in the basis 
where the down-type Yukawa matrix is diagonal. These 
quantities enter into the calculation of K-K, Bd-Bd and 
B s -B s mixing amplitudes. 

When a flavor degeneracy is assumed at the unifica- 
tion scale and only the MSSM RGE is considered, the 
chargino diagram contribution dominates the SUSY con- 
tribution. However, if the flavor violation is induced 



by a loop diagram at the unification scale (as discussed 
before), the gluino diagram can generate the dominant 
contribution. This contribution to the mixing amplitude 
Mf 2 can be written in the following mass insertion form 



M 9 12 
M? 2 M 



a [(St 



LL) 2 ji 



(4r)%]~h4lU4rU (9) 



(ji = 21,31,32 for K-K, B d -B d and B s -B s , respec- 
tively) where a and b depend on squark and gluino 
masses, and 5f^ L RR = [M^ll^r/wi [rh is an averaged 
squark mass). The matrix M| is a down- type squark 
mass matrix (Q, D C ^)M^(Q\ D C ) T in the basis where the 
down-type quark mass matrix is real (positive) diagonal. 
When squark and gluino masses are less than 1 TcV, 
a ~ 0(1) and b ~ 0(100). We also have contributions 
from S^r, but we neglect them since they are suppressed 
by (m-b/msuSY) 2 - It is worth noting that the left-right 
symmetric boundary conditions give much larger SUSY 
contribution since both off-diagonal elements for LL and 
RR are large and b 3> a in the mass insertion formula. 

When LL-RR contributions are dominant, the phases 
in P are cancelled due to [Mj) LL = M F and (Mj) RR — 
(M F ) T (when we neglect the RGE effects). The phase 
of the mixing amplitude is generated from the phases in 
Pd- Since there is no constraint for the phases in P d , the 
phase of the mixing amplitude is free. However, there are 
only two physical phases in Pd and therefore the phases of 
the SUSY contributions for K-K, Bd-Bd and B s -B s are 
correlated. We will show the impact of this correlation 
later. 

The gluino contribution for the D-D mixing is obtained 
when we change d to u, but it needs to be written in the 
basis where the up-type quark Yukawa matrix is diago- 
nal. The important quantity for the D-D mixing is <5" 2 
(in Y u diagonal basis), which can be written as 



°12 



v. 



jis u 22j 



(10) 



up to the P u phase (P u phase gives just an overall phase 
of Si 2 and it is not important for the cancellation since 
the short-distance SM contribution of D-D is small.), and 
S22 — Ksin 2 0^ 3 . Therefore, when Ksin 2 0| 3 is large, both 
K-K (6( 2 ) and D-D (<%) SUSY contribution cannot be 
cancelled away simultaneously. 

In Fig.l, we show the maximal value for k allowed by 
the experimental results for K-K and D-D mixings as 
a function of sin0* 3 . We use sin 2 0^3 = 1/2, tan 2 0* 2 = 
0.4, ki = and k 2 = 0.05. The SUSY parameters are 
chosen to be mo = 1 TeV, TOx/2 = 300 GeV (gaugino 
mass), Aq — (trilinear scalar coupling) and tan/3# = 10 
(ratio of Higgs vacuum expectation values). The phase 
5 q and the other phases are chosen to make the k value 
maximal. In the usual convention, sin 0* 3 is positive since 
its negative value can be redefined by rephasing 5 q . But, 
in order to show the figure simply, we also use negative 
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FIG. 1: Maximal values for k are shown as a function of 
the angle 9l 3 from the constraints of K-K and D-D mixing 
separately. Cancellation happens for the SUSY contribution 
when the maximal k is large. The points A, B, C correspond 
to the solutions illustrated in Fig. 2. 

sin 9f 3 as a convention. The K-K (Sf 2 ) is cancelled at 
sin 6^ 3 ~ — ifc 2 sin 2#i 2 co ^ @23 an( ^ D-D (<5" 2 ) is cancelled 
at sin#' 3 ~ ±sin0| 3 V^ s . Due to the fact that phases in 
P are free, D-D (<5" 2 ) can be cancelled for both positive 
and negative #13. 

For most of Fig.l, the D-D constraint, using the recent 
experimental result, is weaker than the K-K constraint. 
However, the D-D mixing is important at the K-K can- 
cellation region (5f 2 — ► 0). As a result, the newly ob- 
served D-D mixing can restrict the maximal SUSY con- 
tribution to the B-B mixing. From Fig.l, we see that 
the maximal SUSY contribution is obtained at the K-K 
cancellation region after satisfying the D-D constraint. 

We can classify the solution for fitting the of K-K 
mixing amplitude in the following three cases, which 
are illustrated in Fig. 2. The K-K mixing amplitude is 
given as M 12 = Mf 2 M + M 1 S 2 USY . The mass difference is 
given as AMk — 2|Mi 2 |, and the CP violation param- 
eter \e K \ = ImM 12 /(v^AMK). The SM predication for 
Mi 2 is in the fourth quadrant of the M 12 -complex plain. 
The experimental measurement for M12 is more accurate 
rather than the illustration in the Fig. 2. However, the nu- 
merical value can have ambiguity from bag parameters 
and the charm quark mass. The experiment measures 
only the absolute values of real and imaginary parts of 
Mi2- So the possible solutions to satisfy the experiment 
are the four separate regions as shown in the Fig. 2. So- 
lution A is given as 

A/SUSY 2Mf 2 M . In this solution, 

Mi 2 is in the second quadrant. Since ImMi 2 <C ReMi 2 , 
M12 lying in the third quadrant is almost same as solu- 
tion A. In solution A, the Mf 2 USY phase is almost n. In 
solution B, M12 is in the first quadrant, and the Mf 2 USY 
phase is about 7t/2. In solution C, M12 is in the fourth 
quadrant. When |Mf 2 USY | < ImM™, the SUSY contri- 
bution is negligible in the K system, and phase of Mf 2 SY 



Re M 12 (10 MeV) 

FIG. 2: Illustration of the experimentally allowed solutions 
(shaded area) for amplitude M12 for K-K mixing. Details are 
described in the text. 

can be arbitrary. When |Mf 2 USY | ~ ImJW™, the phase of 
AfSU SY should be or 7r in solution C. The solutions A, 

B, C which provide maximal value of k are shown in the 
Fig.l. In solutions B and C, the amount of cancellation 
of Sf 2 is larger than in solution A for a given k ~ 0.2. 

As noted, the phases of SUSY contributions for K-K, 
Bd~B c i, B s -B s mixing amplitudes are related since the 
phases of Sfj are cancelled (up to small RGE modifica- 
tion) and only two physical phases in Pd remain. Since 
all solutions A,B,C of the K-K mixing provide restriction 
to the phases of the SUSY contributions, phases of the 
SUSY contribution for Bd, s -Bd, s mixings are restricted 
for large SUSY contribution. We draw Fig. 3 to show the 
correlation of the phases. We choose CKM parameters 
as sin2/3 SM ~ 0.77 and sin2/3f M ~ 0.04. We use the 
same parameters for 9 23 , 6\ 2 , k 2 and SUSY mass param- 
eters as we have used to draw Fig.l. We choose n = 0.2 
in each solution. As described, the phase of the SUSY 
contribution M^ 2 ~ K is almost 7r in solution A. We choose 
the SUSY phases to be 7r/2 and tt for solutions B and C, 
respectively. In the plot, we choose the absolute values of 
SUSY contributions to be same for both solutions B and 

C. Since the B s -B s SUSY contribution is determined by 
d 23 (eq.®), the maximal values of \/3 s \ are almost same in 
all three solutions. On the other hand, the Bd-Bd SUSY 
contribution depends on B\ 3 and it is different for solu- 
tions A and B,C. One finds that sin2/3 efI is smaller than 
the SM value when /3f ff becomes positive in solutions A 
and C. Solution B gives us opposite result. This correla- 
tion is a consequence of the fact that there are only two 
physical phases for three different mixing amplitudes. 

The global fit of the experimental data 11, 12| shows 
that sin 2/3 arising from the V u b measurement has a 2a 
discrepancy from the sin 2/3 measurement from Bd — > 
J/ipK [IH, sin2^ = 0.678 ± 0.026 0). Thus a negative 
SUSY contribution is favored for sin2/3 off . The present 
data for /3 S , eq.©, favors negative value. As a result, 
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FIG. 3: Correlations for the phases of B d -B d (/3 eff ) and B s -B 3 
(/?s ff ) mixings. A, B, C correspond to the solutions illustrated 
in Fig.2. 

solution A is disfavored by the experimental result. For 
solutions B and C, the phases of SUSY contributions have 
ambiguity. In order to produce negative contribution for 
sin 2(3 and generate negative sin2/3 s , a phase of magni- 
tude from to 7r/2 is favored for the K-K SUSY contri- 
bution. 

We have chosen #23 — 7r /4, which generates the max- 
imal SUSY contribution to B s -B s for a given k. It is 
important that the D-D mixing constrains n sin 2 #23 a t 
the K-K cancellation region, and thus, the D-D mix- 
ing data constrains the B s -B s mixing for a given 
Naively, the SUSY contribution of B s -B s is proportional 
to (k sin 26*2 3 ) 2 . Thus, when the SUSY contribution sat- 
urates the observed D-D mixing, the maximal value of 
\f3 s \ becomes larger for smaller #23 ■ Such a direction also 
decreases sin2/3 cfI , which is favored by the experimental 
result. So we see that the meson mixings are all related 
in left-right symmetric models. More accurate measure- 
ment of B s -B s phase will impose interesting constraint 
on the model. 

If we consider a SO(10) model, the SUSY contribution 
of B s -Bg also gets correlated to the r — > ^7 decay ampli- 
tude [13[ , which is more important compared to the D-D 
constraint for small ttiq and large tan/3//. In the case of 
large mo, however, the D-D constraint can be stronger 
than r — * fij. The /1 — * ej decay amplitude is small due 
to the same cancellation condition for 8f 2 (which reduces 
K-K mixing amplitude) and S[ 2 . 

We assume that the left-right symmetry under the ex- 
change of Ql «-> Qr- We can also consider the ex- 
change Ql <-> (<%)*• In this case, the Yukawa matri- 
ces are Hermitian instead of symmetric matrices [3]. 
The phase matrices Pd and Pd become just signature 
matrices. However, the squark mass matrices satisfy 
Mfj = Mf, = (Mq)* and therefore, the phases in P are 
not cancelled in the meson mixings. As a result, in the 
Hermitian Yukawa case, the phases of meson mixings are 



also correlated at the K-K cancellation region as in the 
symmetric Yukawa case. 

In conclusion, we have studied the importance of D-D 
mixing in left-right symmetric models. We showed that 
the D-D mixing data constrains the phase of B-B mix- 
ing for given parameters in left-right symmetric models, 
and studied the correlation of the meson mixings. If we 
consider unified models without left-right symmetry such 
as SU(5), where only right-handed squark mixings can 
be large naively, the SUSY contribution is not very en- 
hanced. Besides, since right-handed squark mixings are 
unknown, both K-K and D-D can be cancelled away sep- 
arately, and therefore there is no constraint. Therefore, 
left-right symmetric models are very interesting candi- 
dates to investigate correlation among measurements es- 
pecially when the SUSY contribution is maximal and the 
B s -B s phase is large. The improved result of this mixing 
phase will further shed light on the correlation of meson 
mixings and left-right models. 

This work was supported in part by the DOE grant 
DE-FG02-95ER40917. 
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